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Abstract 
During 8-9August of 2011 wide spread heavy rainfalls occurred in Bangladesh. WRF model with the grid resolution of 9km is used to 
diagnosis the events for detecting the insight physical processes. Analysis reveals that a low pressure system initiated over southwestern 
part of Bangladesh (Khulna and Satkhira regions & adjoining North Bay) at 0300UTC of 8August 2011 and moved north/northeastwards 
and intensified into a Depression. Then it recurved northwestwards and located over Rajshahi region and its adjoining areas of 
Bangladesh at 0000UTC of 9August 2011 and moved slowly westward further to West Bengal of India. After reaching to West Bengal of 
India and adjoining western part of Bangladesh the central pressure of the system dropped off rapidly and intensified once more into a 
Deep Depression. The system weakened gradually afterward by giving precipitation. During the life cycle of the system the pressure, 
wind, humidity, vorticity fields were very much supportive for generating high intensity rain bands over Bangladesh and adjoining north 
Bay of Bengal and high amounts of rainfall over Bangladesh on 8August 2011 on the basis of initial and boundary conditions of 
0000UTC of 8August 2011 which comply with the observation but it could not captured strong rain bands for 9August 2011. But model 
captured the high intensity rain bands for 9August 2011 with the delayed initial conditions of 0000UTC of 9August 2011.   
 
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society 
of Mechanical Engineers 
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1. Introduction 
Historically, heavy rain events have become a major source of meteorological disasters around the globe. They 
frequently cause severe property damage and loss of life. The current status of relatively low forecast skill for heavy rain 
events poses a challenging problem for both scientific research and operational forecasting [1], [2]. In the tropical and 
subtropical coastal regions of Asia, episodes of heavy rainfall exceeding 100 mm/day occur rather frequently and events of 
300 mm/day or more are occasionally observed [3], [4], [5]. While tropical cyclones account for many of these events, 
others occur in conjunction with monsoon horizontal wind regimes [4]. Despite the synoptic-scale character of the monsoon, 
numerous local effects ultimately conspire to determine the location of heavy rainfall. It is often difficult to anticipate 
whether the heaviest rainfall will occur over the coastal plain, where most of the people live over the flat and low terrain and 
perhaps the greatest flooding hazards take place. Climatology the heaviest widespread rain events occur across much of 
southern Asia during the monsoon [6]. Because of a general lack of mesoscale observations of lower-tropospheric wind, 
temperature, and water vapor, it is challenging to document the mesoscale processes in such regions, but such processes 
determine the all important location of heavy rainfall and its societal consequences. 
As a disaster prone country, Bangladesh experiences heavy rainfalls causing heavy loss of lives and damages to 
properties. During monsoon seasons when moist and unstable southerly air flows from the Bay of Bengal meet with the 
comparatively dry and stable continental air over Bangladesh and its adjoining areas, heavy rainfall occurs within a very 
short span of time over Bangladesh. The main socio-economic sectors affected by heavy rainfall are- agriculture, food 
security, urban/town planning and construction, energy, water resource management, fisheries, forestry, human health and 
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social services, disaster management, transportation, tourism, sports and leisure etc.  
Dhar and Nandargi [7] have found that severe rainstorms i.e., heavy rainfall over Indian region do not occur uniformly. 
They have found that all the rain storms, which have occurred over this region, have taken place during monsoon and pre-
monsoon season only. Also the break up of meteorological disturbances causing the rainstorms indicates that most of the 
rainstorms are caused due to Low Pressure Systems (LPS) which include low, depression, deep depression and cyclonic 
storm. Orography plays a significant role on intensity and distribution of heavy rainfall. There have been many studies on 
heavy rainfall over different regions but most of them are case studies [8], [9], [10], [11] and [12].  
During 8-9 August 2011 widespread heavy rainfalls recorded at different places Bangladesh and its adjoining areas. 
Most of the raingauge stations recorded heavy (>44mm/day) to very heavy (>88mm/day) with the maximum 254mm 
rainfall at Hatiya followed by 218mm at Cox’s Bazar on 8August. Likewise, on 9August the maximum 207mm rainfall was 
recorded at Teknaf followed by 169mm at Mymensingh. TRMM Version 7 (hereafter TRMMV7) and TRMM 3B42RT 
(hereafter 3B42RT) products have the signature of high amounts of rainfall over Bangladesh. The spatial distribution 
rainfall recorded through Bangladesh Meteorological Department (BMD) raingauges (hereafter referred as OBS) and the 
TRMM rainfalls of same locations are depicted in Fig. 1. The events had devastating socio-economic impact on the local 
people and for that attempt has been made to find out the fundamental dynamic processes associated it with the aim of the 
issuance of timely and accurate forecast and early warning. 
2. Methodology 
WRF ARW model (version: 3.2.1) with the grid resolution of 9km is used to diagnosis the events using Ferrier 
(hereafter referred to FR), Kessler (hereafter KS), Lin et al. (hereafter LN), WRF Single-Moment 3 Class (hereafter 
WSM3), WRF Single-Moment 5 Class (hereafter WSM5) and WRF Single-Moment 6 Class (hereafter WSM6) 
microphysics (MP) schemes with the combination of Kain-Fritsch (KF) cumulus scheme (CP). Therefore, the combinations 
of CP and MPs are- KFFR, KFKS, KFLN, KFWSM3, KFWSM5 and KFWSM6. The coverage area of the domain is 12-
30ºN and 80-100ºE. The topography in the model is 
obtained from USGS land covers data set. At the 
boundaries of the coarse domain, 1 x1° horizontal 
resolution NCEP data have been provided at every 6 
hours as input. The model is run with 22 sigma 
levels in the vertical direction from the ground to the 
100hPa level to simulate the parameters of sea level 
pressure (SLP), relative humidity (RH), wind, 
vorticity (x10-05 S-1), cloud water mixing ratio (x10-
05), rain water mixing ratio (x10-05), convective rain 
and non-convective rain etc. GrADS software is 
used for displaying and analyzing the simulated and 
derived parameters and TRMM data. Temporal 
variations of model, TRMM and BMD recorded 
stations rainfall are checked. Kringing Method 
facilitated by Win Surfer (version 7.0) software is 
used for preparation of spatial distribution of model, 
raingauge and TRMM rainfall on the basis of 
raingauge locations of BMD.  
 
3. Results and discussions 
3.1 Mean sea level pressure and surface wind 
A low pressure system initiated over south-western part of Bangladesh (Khulna and Satkhira regions) & adjoining North 
Bay area at 0300UTC of 8August 2011. Then it moved north-northeastwards initially and intensified into Depression over 
Dhaka region and adjoining areas. It then recurved northwestwards and reached to Rajshahi region and its adjoining areas at 
0000UTC of 9August 2011. Then it moved slowly westwards and intensified further into a Deep Depression at 2100UTC of 
9August 2011 over West Bengal of India. After that the system weakened gradually by giving precipitation. The tracks of 
the system and its estimated minimum central pressures are given in Fig. 2 and Fig. 3. After reaching over West Bengal of 
India and adjoining western part of Bangladesh, the central pressure of the system decreased rapidly and intensified further 
into a Deep Depression and at this stage the central pressure reached as low as 981.9hPa (for KFFR at 2200UTC of 9August 
2011) and increased afterwards (Fig. 3). When the system recurved north-westwards and then to the west over Bangladesh, 
Fig. 1. Rainfall in Bangladesh during 08 and 09 August 2011 (Observed and TRMM) 
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its surface isobaric pattern became circular & uniform; associated wind field became strong and converged to the system. 
This situation helped to increase its strength for carrying enormous moisture for precipitation (Fig. 4). 
 
3.2 Surface relative humidity and wind 
When the low pressure system was over the southwestern part of Bangladesh, its associated maximum moisture tongue at 
surface level was over North Bay of Bengal though there was sufficient moisture over Bangladesh and adjoining areas. But 
with the progress of time and movement of the system the moisture was accumulating in and around the system over 
Bangladesh. The maximum moisture tongue also followed the system’s path and moved accordingly northward over 
Bangladesh. The zonal component of surface wind field over Bangladesh and its adjoining areas was negative but the 
meridional component was positive. As a result the maximum moisture tongue was either right side or over the central part 
of the system that caused high amounts of rainfall. This situation is found for all combinations of CP and MPs (Fig. 5). On 
9August the system moved northwestwards further along the monsoon axis, weakened gradually and associated moisture 
field became weak over Bangladesh. But in the afternoon of that day a micro-scale vortex formed within monsoon trough 
over southern coastal areas of Bangladesh and moved northward and accumulated moisture for rainfall occurrence. 
3. 3 Upper air relative humidity and wind 
With the progress of time the system extended in the vertical direction rapidly. In this regard associated cyclonic 
circulation extended vertically as high as 300hPa level (temporarily upto 250hPa level) and followed the path of its surface 
with eastward slanting as westerly was not present upto 100hPa level over Bangladesh and adjoining areas. But the 
maximum strength of the system was within the levels of 850hpa and 700hPa. The vertical distribution patterns were almost 
similar and the vortex extended upto 250hPa for all combinations. This situation helped the system to carry moisture as high 
as 200hPa level for occurring high amounts of rainfall. 
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Fig. 2. Track of the Depression for different MPs with KF                         Fig. 3. Minimum central pressure of Depression for different MPs with KF 
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Fig. 4. Surface pressure and wind field at 0000UTC of 9 August 2011 Fig. 5. Surface moisture and wind field at 0000UTC of 09 August 2011 
3.4 Vorticity 
Area average vorticity in the lower levels of the 
troposphere over Bangladesh and adjoining areas were 
positive during 8-9August 2011. Integrated area average 
vorticity of lower troposphere were also positive and 
increased with the progress of time on 8August 2011 but it 
reduced on 9August of 2011. Positive vorticity field extended 
vertically upto 350hPa level in the morning of 8August 2011 
when the system was weak and located over southwestern 
part of Bangladesh. But with the progress of time it extended 
further and reached as high as 150hPa level at 1200UTC 
when the maximum intensity of vorticity was at 800hPa level 
(Fig. 6, 7 and 8). During the remaining period of the day 
positive vorticity remained extend upto 200hPa level for 
KFFR. Similarly it extended upto 150hPa level during 
0800UTC to rest period of the day for KFKS; upto 200hPa 
level during 1000UTC to 1700UTC for KFLN; upto 200hPa 
level during 1000UTC to remaining period of the day for 
KFWSM3, KFWSM5 and KFWSM6. 
3.5 Quantity of rain  
The amount of integrated area average rain quantity in the lower troposphere increased with the movement and 
intensification of the system over Bangladesh on 8August 2011. KFWSM3 combination simulates higher amounts and for 
all other combinations the amounts are lower but they are close to each other. Following the integrated vorticity, the 
quantity of integrated of rain amount was lower on 9August than 8August 2011 but it was quite high in the early and late 
hours of 9August 2011 (Fig. 9). Vertical profile shows that the rain quantities were mainly composed in the lower levels 
(below 500hPa level) for KFFR, KFLN, KFWSM5 and KFWSM6 but it composed upto 100hPa level for KFKS and 
KFWSM3 though the quantities were low in the upper levels (Fig. 10a) and this may be due to the difference in 
microphysics of these two combinations. Almost similar profile with lower rain quantities were observed on 9August 2011 
(Fig. 10b). 
3.6 Surface wind and Rain band   
According to the surface moisture and wind fields, the rain band associated with the system moved towards Bangladesh 
which was situated over the Bay of Bengal during the beginning of the day. During morning period of 8August, the rain 
bands were weak and widely distributed over the North Bay of Bengal but with the progress of time, movement and 
intensification of the system it became strong and squeezed and attached to the system and located over the southern and 
eastern side of it (Fig. 11).  
Fig. 6. Vorticity and wind field at 800hPa level for different MPs 
with KF over Bangladesh at 0000UTC of 9 August 2011
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Fig. 7(a). Temporal variation of area average integrated vorticity on 
8August 2012 
Fig. 7(b). Temporal variation of area average integrated vorticity on 
9August 2012 
  
Fig. 8(a). Vertical profile of vorticity on 8August 2011 Fig. 8(b). Vertical profile of vorticity on 9August 2011 
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Fig. 9(a). Temporal variation of integrated area average quantity of rain 
of lower troposphere on  8 August 2011 
Fig. 9(b). Temporal variation of integrated area average quantity of rain of 
lower troposphere on  9 August 2011 
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Fig. 10(a). Vertical profile of area average quantity of rain on      
8August 2011 
Fig. 10(b). Vertical profile of area average quantity of rain on          
9August 2011 
  
Fig. 11(a). Rain band (08,2100- 09,0000UTC) for KFWSM5 Fig. 11(b). Rain band (08,2100- 09,0000UTC) for KFWSM6 
 
4 Rainfall analyses and comparison with TRMM 
4.1 Regional average rainfall 
For regional rainfall analysis, Bangladesh has been divided into the following regions: Northeast (NE), Northwest (NW), 
East-central (EC), West-central (WC), Southeast (SE), Southwest (SW), Chittagong and Sylhet and analyzed accordingly. 
Analysis depicts that model rainfall over Chittagong region was lower than TRMMV7 and 3B42RT with an exception of 
KFWSM5 for which rainfall was higher than 3B42RT but lower than TRMMV7. In EC region, rainfalls of all combinations 
were higher than TRMM. In NE region, rainfalls of KFWSM3, KFWSM5 and KFWSM6 were very close to TRMM; 
rainfall of KFKS was lower and rainfalls of KFFR & KFLN were slightly higher than TRMM as in Fig. 12(a).  In the NW 
region, rainfall of KFKS was very close to TRMM but for other combinations rainfalls were higher than TRMM.  In the SE 
region rainfalls of all combinations were slightly lower than TRMMV7 and 3B42RT. In the SW region, rainfall of KFKS 
was the lowest but rainfalls of all other combinations were close to TRMMV7 and 3B42RT.  In the Sylhet region, rainfall of 
KFKS was lower than TRMM; rainfalls of KFFR & KFLN were higher than TRMM but for other combinations it was close 
to TRMM. In the SW region, rainfall of KFKS was very close to TRMM but in other cases rainfalls are higher than TRMM.  
The regional average shows that the rainfall of KFKS was lower by 12% than TRMM but for other combinations it was 
higher by 17-36% on 8August 2011. In Chittagong, SE, SW and NE regions model rainfalls were lower by -45%, -25%, -
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12% and -5% respectively but in the Sylhet, EC, WC and NW regions it was higher by 5%, 72%, 76% and 111% 
respectively than TRMM. Accordingly the regional average model rainfall was 21% higher than TRMM in Bangladesh.       
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Fig. 12 (a). RF over NE region on 08 August 2011 Fig. 12 (b). RF over NW region on 09 August 2011 
On 9August, model rainfall over Chittagong region was lower than TRMM for all combinations. In the EC region it was 
slightly low but comparable to TRMM. In the NE region model rainfall for each combination was lower than TRMM but in 
the case of KFKS it was very low. In the NW region model rainfall of KFKS was lower than TRMM but it was very close to 
TRMM in all other combinations as in Fig. 12(b). In the SE region model rainfalls were close to each other but the amounts 
were lower than TRMM. In the SW region rainfall of KFFR was the maximum and rainfall of KFKS is the minimum but 
the amounts for all other combinations were lower than TRMM. In Sylhet region rainfall of KFKS was the lowest followed 
by KFWSM3 but the amounts for all other combinations were higher, close to each other but comparable to TRMM. In the 
SW region rainfall of KFKS was the lowest but rainfalls of all combinations were lower than TRMM. The regional average 
rainfalls of Bangladesh on 9August were lower than TRMM by 66% for KFKS, 50% for KFWSM3, 38% for KFFR, 
KFWSM5 & KFWSM6 and 34% for KFLN. In Chittagong, NE, SW, WC, SE, Sylhet, EC and NW regions model rainfall 
deviations were  -68%, -59%, - 54%,  -52%, -42%, -36%, -34% and -15% respectively. Accordingly, the regional average 
rainfall was lower than TRMM by 44%.      
4.2 Station average rainfall   
Station average rainfalls for different MPs with KF scheme are given in Fig. 13. Fig. 13(a) illustrates that the amount of 
station average KFKS rainfall of 8August was the lowest which was quiet lower than observation. The amounts of KFFR, 
KFWSM3 and KFWSM rainfall were very close to observation and TRMMV7 but rainfall for other combinations were 
slightly lower than observation. The standard deviation for each combination was lower than mean value. On 9August, the 
amounts of rainfall were significantly lower than observation and TRMM with the lowest amount was for KFKS as in Fig. 
13(b). The amounts of model rainfall at station point on 8August were very close to observation but on 9August 2011 it was 
lower than observation in most of the cases (Fig. 14).        
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Fig. 13(a). Station average mean rainfall and their standard deviation on 
8August 2012 
Fig. 13(b). Station average mean rainfall and their standard deviation on 
9August 2012 
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Fig. 14(a). Rainfall at rain gauge location on 8ugust 2011 Fig. 14(b). Rainfall at rain gauge location on August 9, 2012 
4.3 Rainfall over Bangladesh and its surroundings 
Model captured the signature of heavy rainfall with strong rain bands over central to southern parts of Bangladesh and 
adjoining Bay of Bengal on 8August 2012 (Fig. 15), which was very much consistent with the humidity and vorticity field. 
Model could not capture the rain bands of 9August 2011 efficiently on the basis of the initial condition of 0000UTC of 
8August 2012 but it captured the heavy rainfall with strong rain band of 9August 2012 as observed over Bangladesh and 
adjoining areas with the delayed initial condition of 0000UTC of 9August 2012 (Fig. 16).   
  
Fig. 15. Rainfall during  08 August 2011 Fig. 16. Rainfall during 9August 2011 
4.4 Spatial distribution of model rainfall (on the basis of rain gauge location rainfall)  
Spatial distribution of model rainfall at rain gauge locations 
during 8August and 9August 2012 of Bangladesh have been 
prepared and analyzed. Analysis exposed the signature of high 
rainfall over central and south-central parts of Bangladesh but 
observation and TRMM indicated the signature of heavy rainfall 
over north-central and south-central regions. It was also noticed 
that the amounts of maximum rainfall were close to observation 
in most of the cases but TRMM shows lower amounts than 
model and observation on 8 August (Fig. 17). On 9 August 
model captured the signature of high amounts of rainfall over 
southeastern part but failed to simulate the signature of high 
rainfall over north-central region where observation and TRMM 
had the signature. 
 
5. Conclusion 
Model efficiently identified the genesis, intensity and track parameters of the low pressure system over Bangladesh on 
Fig. 17. Model Rainfall distribution during 8 August 2011 based 
on raingauge location (based on 0800 Baseline data) 
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the basis of initial and boundary conditions on 0000UTC of 8August 2011. The simulated pressure fields, central pressures 
of the system, surface and upper air wind fields, surface and upper air humidity fields, vorticity fields and vertical profiles 
were very much supportive during the life cycle of the system. Following these properties, model generates the high 
intensity rain bands over Bangladesh and adjoining north Bay of Bangladesh on 8August 2011 but it could not captured the 
rainfall of 9August 2011 well may be due to the limitation of the model or to the shortfall with the initial and boundary 
conditions. It could capture the high intensity rain bands over Bangladesh and adjoining areas with the delayed initial 
conditions of 0000UTC of 9August 2011 which had the signature over Bangladesh.    
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